Biochemical evidence for a low molecular weight protein (profilin-like protein) in hog thyroid gland and its involvement in actin polymerisation  by Fattoum, Abdellatif et al.
Volume 118, number 2 FEBS LETTERS September 1980 
BIOCHEMICAL EVIDENCE FOR A LOW MOLECULAR WEIGHT PROTEIN 
(PROFILIN-LIKE PROTEIN) IN HOG THYROID GLAND AND ITS 
INVOLVEMENT IN ACTIN POLYMERISATION 
Abdellatif FATTOUM+, Claude ROUSTAN*, Jeanne FEINBERG and Louise-Anne PRADEL 
Centre de Recherches de Biochimie Macromolkulaire du CNRS, Route de Mende (BP 5051), 34033Montpellier cedex. France 
Received 7July 1980 
1. Introduction 
Actin was characterized ubiquitously in muscle 
fibers and in non-muscle cells from the most primitive 
to the most advanced organisms. However, in non- 
muscle cells, this protein is found together in micro- 
tilamentous and monomeric states (F- and G-actin, 
respectively). It has been suggested that cell constitu- 
ents in non-muscle cells interact with G-actin to main- 
tain it in non-polymerized form. In this context, it 
has been shown that a low molecular weight protein 
named profilin prevents the actin polymerisation [ 11. 
In thyroid cells actin microfilaments appear to be 
involved in the endocytotic process [2]. The organiza- 
tion of these microfilaments depends on the physio- 
logical state of the gland. The bundles of actin fila- 
ments in the resting gland are transformed into a net-. 
work in response to thyrotropin stimulation; con- 
comitantly, an increase of the ratio G/F actin is 
observed [ 31. 
Here, we have initiated a search for effecters 
which may have an influence on the state of actin 
polymerisation in hog thyroid cells. 
2. Materials and methods 
Rabbit skeletal muscle actin was purified accord- 
ing to [4]. Its concentration was calculated from A2a0 
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using E = 0.62 ml . mg-’ . cm-’ [5]. The method in 
[6] was used for all other protein concentration 
determinations. The method in [7] was applied for 
polyacrylamide slab-gel electrophoresis. Amino acid 
analyses were performed on a Beckman model 12OC 
autoanalyzer using a single column. Tryptophan was 
determined by calorimetry [8] and spectrophoto- 
metry [9]. 
Actin polymerisation was followed at 25°C by 
measuring the increase in A2a2 on a Cary model 219 
spectrophotometer. In order to have a better resolu- 
tion, 0.437 cm lightpath cells were used. The spectral 
bandwidth was 3 nm. 
3. Results 
3.1. Preparation of thyroid profilin 
Protilin was isolated from fresh hog thyroid 
glands. All steps were carried out at 4°C. 
Routinely, 120 g thyroid slices were washed in 
3 vol. 0.15 M NaCl, 0.1 mM PMSF, stirred for 30 min 
and filtered on gauze. The tissue slices were sus- 
pended in 2 vol. 0.9 M KCl, 15 mM pyrophosphate, 
5 mM MgC12,3 mM DTE, 0.1 mM sodium azide, 
0.1 mM PMSF, 30 mM imidazole buffer (pH 7), 
stirred for 30 min and then homogenized for 2 min in 
a Waring blendor. The homogenization was achieved 
using 2 strokes of a glass-teflon homogenizer. After 
30 min stirring, the homogenate was centrifuged for 
20 mm at 15 000 X g. The supernatant was diluted 
with 3 vol. 2 mM MgCl* under stirring and adjusted 
to pH 6.4. After 15 min, a precipitate which is in 
major part actomyosin was discarded by centrifuga- 
tion for 45 min at 17 000 X g. Solid ammonium sul- 
fate was then added to the supernatant to 30% satu- 
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ration. After centrifugation at 17 000 X g for 45 min, 
the salt concentration of the resulting supernatant 
was increased to 85% saturation. The suspension was 
kept overnight. The precipitate was collected by cen- 
trifugation and suspended in a minimal volume of 
25 mM Tris-HCl, 5 mM MgC12, 0.1 mM DTE, 0.1 mM 
PMSF, 2 M urea buffer (pH 7.5). Insoluble material 
was discarded. The sample (-250 ml) was applied to 
a (5.5 X 110 cm) column of Sephadex G- 100 equili- 
brated and eluted with the buffer mentioned above. 
Fractions containing low molecular weight proteins 
were pooled, concentrated by partial lyophilisation 
and filtrated on a (3.2 X 75 cm) column of Sephadex 
G-50 fine eluted with the same buffer. The profilin 
peak was then salted out either by dialyses (spectra- 
por membrane tubing, cutoff app. Mr 3500) or by 
Sephadex G-15 filtration using 10 mM imidazole, 
0.1 M KCl, 0.1 mM DTE, 0.1 mM PMSF buffer 
(pH 7.5) then passed through a DEAE-cellulose col- 
umn (3 X 18 cm). Equilibrated with the same buffer. 
The eluted fractions were pooled and concentrated 
on UM 0.05 diaflo membrane. A schematic outline of 
the purification procedure is given in table 1. The 
material obtained is homogeneous on SDS-polyacryl- 
amide gel (fig.1). 
3.2. Characterisation of thyroid-like profilin 
The homogeneous product obtained was M, 
13 000 + 500 as determined by SDS-polyacrylamide 
gel electrophoresis. This MI was also found by filtra- 
tion on Sephadex G-75 under non-denaturing condi- 
tions (fig.2) indicating that this protein is a monomer. 
Furthermore, it behaves as a basic molecule since it 
does not bind to DEAE-cellulose at pH 7.5. 
The results of the amino acid composition are 
presented in table 2. Profilin contains in particular 
2 tryptophans, 3 tyrosines and 1 cysteinyl residue. 
Table 1 
Summary of the purification of profilin from hog thyroid 
Purification step Protein (mg) 
Extract 14 000 
Supernatant after MgCl, treatment 13 000 
18-85% Saturation (NH,),SO, 12 500 
Sephadex G-100 chromatography 200 
Sephadex G-50 fine chromatography 8 
DEAE-cellulose chromatography 3.5 
ACTIU WD 
Fig.1. Electrophoresis analysis of thyroid profilin (20 fig) 
compared to standards: actin (10 fig); hemoglobin (20 rg); 
SDS-15% polyacrylamide slab gel. 
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Mol~culor Weight (~1000~ 
B 
Chymotrypsinopen 
Al bumin 
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Fig.2. Molecular weight determination of thyroid profilin by: 
(A) Sephadex G-75 filtration, 0.1 M Tris-HCI, 0.05 mM DTE 
buffer (pH 7.5), (1 X 100 cm) column. (Standards: cyto- 
chrome c; myoglobin; chymotrypsinogen; albumin.) (B) 
SDS-15% polyacrylamide gel electrophoresis. (Standards: 
hemoglobin; myoglobin; chymotrypsinogen, albumin.) 
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Table 2 
Ammo acid composition of hog thyroid profilin, comparison with values reported for profilins 
from other sources 
Amino 
acid 
Hog thyroid profilin 
Residues mol% 
Calf spleena Human plateletsa 
mol% mol% 
Acanthamoebaa 
mol% 
Asp 11 9.1 10.6 10.7 10.2 
Thr 7 5.8 8.5 8.3 8.3 
Ser 8 6.6 6.3 8.3 6.5 
Glu 15 12.4 6.3 6.9 8.3 
Pro 9 7.4 2.8 3.4 5.5 
GlY 11 9.1 12.0 12.1 13.0 
Ala 10 8.3 7.7 7.6 14.8 
Cys 1 0.8 2.1 
Val 6 5.0 7.7 8.3 7.4 
Met 2 1.6 4.2 3.1 0.9 
Be 5 4.1 4.9 4.1 4.6 
Leu 10 8.3 7.7 10.7 6.5 
Tyr 3 2.5 2.8 2.8 2.8 
Phe 4 3.3 3.5 2.1 2.8 
Try 2 1.6 1.4 
LYS 10 8.3 6.3 6.9 3.7 
His 2 1.6 1.4 1.4 0.9 
A% 5 4.1 3.5 3.4 2.8 
a The data for calf spleen, human platelets and Acanthamoeba re from [ 171, [ 141 and [ 131, 
respectively 
3.3. Interaction of profilin with actin 
To test the biological properties of the 13 KM, 
protein, its effect towards the inital rate of mono- 
meric muscle actin polymerisation has been measured 
spectrophotometrically. As shown in fig.3, profilin 
reacts with G-actin and inhibits its polymerisation. 
The level of this inhibition depends on the ratio 
profilin/G-actin. 
In addition, we detected profilinactin during thy- 
roid actin preparation essays according to [lo]. After 
Sephadex filtration G-actin was eluted in two fractions 
as judged by DNase 1 inhibitory activity [I 11. The 
SDS electrophoresis of the 60 KM, fraction results in 
numerous protein bands. Two of them comigrate 
with actin and protilin, respectively. This fraction was 
filtered through a Sephadex G-50 fine column and 
eluted with 2 M urea buffer (see profilin preparation). 
A low molecular weight fraction was then obtained. 
It migrates on SDS slab gel as thyroid profilin and 
under hemoglobin. Consequently, the 60 K M, frac- 
tion could correspond to the complex of actin plus 
profilin. 
Fig.3. Inhibition of the rate of the polymerisation of the 
rabbit muscle actin by thyroid profdin. G-actin: 0.28 mg in 
0.6 mM imidazole, 4 mM KH,PO,, 0.02 mM CaCl,, 0.1 mM 
DTE, 0.067 mM ATP buffer (pH 7.5) at 25°C. Polymerisa- 
tion was started by 2 mM MgCl, and 100 mM KC1 and fol- 
lowed by the Increase m AZ?*. Profilin: Gactin molar ratio is 
varied from 0:l to 1.5:1. 
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4. Discussion 
A small protein exhibiting similar chemical and 
physiological properties with profilin has been iso- 
lated from hog thyroid gland. 
under conditions where actin alone would polymer- 
ize. The profilactin complex could have an est. Kd 
-2 PM assuming a profilin:actin molar ratio in profil- 
actin of 1 :l [ 11. 
The first step of this purification method is based 
on the preparation of myosin in [ 121. It consists in 
an extraction of thyroid tissue at high ionic strength, 
then in a precipitation of actomyosin at lower ionic 
strength (-0.23) pH 6.4. The supernatant obtained 
after centrifugation of actomyosin, contains actin 
under G form as estimated by DNase I inhibitory 
effect. If we consider the amount of G-actin in this 
fraction (26 mg/lOO g gland) the yield of the prepara- 
tion of profilin is -45%, assuming that all no poly- 
merised actin is complexed with profilin. In second 
step, the profilactin complex is dissociated in 2 M 
urea buffer and the profilin is directly isolated. 
Direct purification of Acanthamoeba profilin with a 
similar yield has been reported [ 131. Lower recoveries 
of profilin were obtained when profilactin complex 
was first isolated [ 1,14,16]. Like other profilins, 
thyroid profilin is a monomer protein as judged by 
filtration on Sephadex G-75 and SDS-polyacrylamide 
gel electrophoresis. It would be also a basic molecule 
since it is recovered on DEAE-cellulose at pH 7.5 
from the flow-through fraction. Furthermore, its 
amino acid composition which presents many simila- 
rities with those published for calf spleen [ 171 human 
platelets [ 141 and Acunthumoeba [ 131, however dif- 
fers significantly at the level of glutamic acid and 
prolin. If one compares the ratio of acidic to basic 
amino acids for all these profilins it does not differ 
for thyroid (1.5), spleen (1.5) platelets (1.5) but is 
higher for Acanthamoebu profilin (2.5). Thyroid pro- 
ffiin is found to be -13 K MI and therefore are 
smaller than other mammalian profilins yet known. 
In contrast, it is closer to Acunthumoebu profilin 
which is 12 KM, [ 131. A possible proteolysis [ 181 
during extraction and purification is not excluded 
although PMSF was added in all steps of the prepara- 
tion. Moreover, the isolated protein possesses one of 
the characteristic properties of profilin as refered to 
its interaction with G-actin in the thyroid extracts 
and in the reconstituted system; in fact the purified 
profilin decreases the rate of G-actin polymerisation 
Thyroid profilin is the first such protein to be iso- 
lated from an endocrine gland. The instability of 
profilactin underlined in [ 181 suggests that unknown 
factors would probably stabilize or destabilize the 
complex. Our purpose is to identify these factors and 
to study what role profilin would play in the micro- 
filament rearrangement observed in thyroid cells 
under TSH stimulation. 
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